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Abstract
In this paper attention is paid to the intersystem overhead power transmission line (OPTL) 750 kV, which is being operated on 
the territory of Ukraine. Subjects of research are the intermediate supports of PS750-3i type with 5 m and 10 m stand or without 
it. Special attention is paid to the formation of climatic zone maps along the route of the OPTL under consideration. It’s given a 
description of the wind load gathering algorithm, which consists of separate units each of which produces the calculation of 
loading on a predetermined structural element of lattice support. Calculated wind load is defined here as the sum of the static and 
dynamic of the components. Here are also represented the calculation data of a rod of equivalent stiffness by an engineering 
practice. Here are provided the numerical values of loadings from current carrying wires and lightning-protective ropes in normal 
and emergency operation modes of work for the most weighted OPTL supports of the given ground surface profile. On the base 
of design and extension of the obtained results it was compared the maximum longitudinal forces in support belts from the action 
of wind loading with the values represented at calculated worksheet (project institute “Ukrenergosetproekt”, Kharkiv).
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1. Introduction
Power transmission networks are one of the main components of the country's energy system, which counts 
227000 km and more than 150 substations with a voltage between 220 – ɤ9>@
Basically, during the building of the intersystem OPTL in Ukraine the unified structures of supports and 
foundations are traditionally used, which had been developed more than forty years ago according to the USSR 
standards and methodologies [2, 3, 4]. Considering the existing unification from a perspective of today’s market 
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relations, we can see that such overhead lines supports can not compete with similar foreign ones. That is why, in 
this situation the necessity arose to develop more effective and modern forms of steel supports on the ground of the 
development and refinement of loads collecting methods and improvement of calculation methods aimed without 
reserves in consumption of materials to ensure the reliable operation of OPTL [5].
Last years in Ukraine they began the construction of overhead transmission lines with the development of 
individual support structure under the specific weather conditions with conduction of the appropriate certification 
tests. Customers’ requirements are focused mainly on the creating of modern line facilities, which fully correspond 
to the conditions of OPTL passage routes [6, 7, 8]. Whereas, it forces designers to make individual calculation and 
design of supports structures for each particular overhead line taking into account the terrain and climatic loads. And 
considering the fact that the wind load for lattice supports of power transmission networks (taking into account wind 
load on the conductors and ground wires) is one of the defining [9–13], the question of wind loads refinement to the 
750 kV supports is very relevant, because the data overstating loads lead to the weighting of components [19].
2. Technological part
The subjects of research reviewed in this paper are intermediate lattice towers of PS750-3i type, installed on 
foundations F5-4 and F6-4 with anchor bolts M36 at the OPTL 750 kV “Rivne NPP – Kyiv Substation 750 kV”, put 
into operation in 2012. The OPTL route passes through the territory of Zhytomyr and Kyiv regions (number of 
supports from 234 till 876).
The purpose of the wind impact calculating is to determine the maximum longitudinal forces in belts of support 
and to compare the obtained results with the typical calculations performed by the project institute 
“Ukrenergosetproekt” (Kharkiv).
Based on electrical calculations on 750 kV OPTL “Rivne NPP – Kyiv Substation 750 kV” it was adopted the 
phase construction with five Aluminum Conductor Steel Reinforced (ACSR), type AC-400/51 (by GOST 839-80E). 
The phase step of splitting wires is 400 mm, the horizontal distance between phases is 18 m. According to the 
permissible mechanical stresses in the conductors and by conditions of a normal distance ensuring between the 
conductors and ground wires [14, 15], in the function of the ground wires steel aluminum conductors of AC-95/141 
type are used.
For the load calculation to the supports from the action of the conductors and ground wires the maximal stresses 
had been taken, which are given in Table 1.
Table 1. The maximal stresses in conductors and ground wires.
Type of the conductor or ground wire Measurement units AC-400/51 AC-95/141
With a maximal load and a minimal temperature >03ɚ@ 126 300
With an average annual temperature >03ɚ@ 84 225
The intermediate support type PS750-3i of OPTL 750 kV is a space-rod metal gantry rack height H=42.5 m. The 
width of traverse is 36 m, the height of a pole under the wire is 6.0 m. Belts, struts, strut bearings and diaphragms of 
the support sections are made of single angles. The elements joint in the nodes with the help of bolting. The spatial 
finite element model of support PS750-3i for the calculation is performed in software package “Structural CAD”.
3. Climatic loads and impacts
For the climatic loads calculation data of the wind speed are used, which were received as a result of long-term 
observations of meteorological stations in Ukraine [17]. According to the results of data processing maps of climatic 
zoning along the route 750 kV “Rivne NPP – Kyiv Substation 750 kV” (Fig. 1, 2) have been built.
1030   Yevgeny Shevchenko et al. /  Procedia Engineering  117 ( 2015 )  1028 – 1035 
)LJ&KDUDFWHULVWLFYDOXHVRIWKHPD[LPDOZLQGSUHVVXUH3ɚ
Fig. 2. Characteristic values of the wind pressure under icing, Pa.
According to 2.5.29 REI [13] for 4KB lines reliability class a technique is used, upon which the performance 
(with repetition once in 25 years) and the limit (with repetition once in 500 years) climate loads have been 
calculated. In the following calculation climatic loads from maximum wind (calculated mode) have been used, 
which are shown in Table 2.
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Section, km Number of support UESP* REI [14] Improved calculation
95 – 118
234
420 725
450
295 457
118 – 160 610 725
405 493
160 – 205 610 725
510 544
205 – 245 675 725
610 580
245 – 278 590 725
690 580
278 – Substation 750kV 560 653
876 471
* data, defined by project institute “Ukrenergosetproekt”. 
4. An algorithm of the wind load determining to the OPTL supports
Design nodal load to the spatial structure of the OPTL intermediate support 750kV is determined by an equation 
[16, 22]:
kiiaer,hidfmom AcccWW  J , (1)
where Wɨ – a normative wind velocity pressure W0, kg/m2; Ȗfm – the safety coefficient for the limiting value of 
the wind load; ɫd – the dynamic coefficient; ɫhi – the structural height coefficient; ɫaer,i – the aerodynamic 
coefficient; Ⱥki – the lattice elements square (the filling truss area) of the considered section, m2.
The wind load determining to the support by the above mentioned equation was implemented in the software 
package for the calculation and design of power transmission lines “MISI1”, developed at the Donbas National 
Academy of Civil Engineering and Architecture [18]. The algorithm of the wind load determining consists of 
separate blocks in each of which the load to the specified structural element is determined: main pole, traverse, rope 
pole (under the ground wires).
The algorithm for the wind load calculating to the supports is the following:
x specified: the nodes number of crossing the braces with belts of one support face in design section; the geometric 
length of braces in a section; dimensional array containing the width of the shelf braces at the section; the section 
height; the angle of inclination to the vertical of the section belts; dimensional array containing the folder width 
of the belts; the width of the support trunk in the axes; the elevation of the section center of gravity; ratio of the 
distance between the faces of the section to the brink height; the normative wind velocity pressure W0;
x calculated: square section filling Aki; section area along the contour Ai; the design nodal wind load to the spatial 
truss (section) Wm.
On the Fig. 3 a breakdown of the support structural elements to the design section is shown, at nodals of which 
the wind load with the help of the software package “MISI1” had been determined.
The design wind load is determined as a sum of static and dynamic of the components [20, 21]. The data of the 
improved refinement of wind load and the values obtained by design institute “Ukrenergosetproekt”, are shown in 
Table 3. 
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Fig. 3. A breakdown of the structure support PS750-3i+10 to the design section.
Table 3. The design wind loads to OPTL support PS750-3i+10*.
Modes
Wind perpendicular to OPTL, t Wind parallel to OPTL, t
main pole traverse pole under the ground wires main pole traverse
pole under 
the ground wires
L2
935.14
837.6
981.2
578.1
590.0
669.0
– – –
L3
948.11
878.4
9812
8941
.
.
1121
6100
.
.
74011
8784
.
.
3667
1044
.
.
1121
5780
.
.
* in the numerator – the refined values of the wind load; in the denominator – the typical calculation values, obtained by design institute 
“Ukrenergosetproekt”.
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In the software package “MISI1” also the method of determining the stress-strain state of flexible filaments is 
implemented, which includes the determination of weight, wind and accident loads of wires and ropes for the 
considered supports of a given area profile. As a result of the calculation in the software package “MISI1” loads 
from the powered wires and lightening ropes to the most loaded supports of types PS750-3i (the support 521), 
PS750-3i (the support 742), PS750-3i+5 (the support 610) and PS750-3i+10 (the support 463) are determined. As an 
example, Table 4 shows the maximum loadings schemes for support of type PS750-3i+10 in six design modes.
Table 4. The load schemes from the electric wires and ropes of support 463.
5. The calculation of intermediate lattice supports 750 kV
The limit forces in belts’ supports are calculated by software package “Structural CAD”. For this purpose the 
limiting load values of the wires and wind to the structure of intermediate supports PS 750-3i with a stand height 5 
m and 10 m and without it were used. They were collected in the software package “MISI1” to the horizontal three 
phases suspension of unified structure, which is composed of five wires.
The calculation of intermediate 750 kV supports is being produced to loads for the normal and emergency modes 
– the line break in the middle and edge phases.
The sequence of input data when calculating: making the design model; fixing the design model of supports over 
a distance; assignment of the stiffness of the elements; creation of the loading schemes and compilation of 
calculated load combinations; performing accounting; determination of internal forces.
In order to verify the results the maximum compressive forces in the supports belts were also calculated with the 
help of engineering methods [3, 8]. Fig. 4, 5 shows the spatial finite-element model of the design support and the 
design scheme of the supports pole PS750-3i+10, which had been used in engineering calculations. The result is the 
maximum compressive force in the belt.
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Fig. 4. The spatial finite-element model 
of support type PS750-3i+10.
Fig. 5. Design scheme 
of the support pole PS750-3i+10.
Table 5 shows the results of determining of the maximum efforts of compression flange at the support 
PS750-3i+10. 
Table 5. The design forces values in the support belt PS750-3i+10.
UESP*
Software package
“Structural CAD”
Analytical calculation
60.91 t 47.10 t 44.78 t
* the data, defined by design institute “Ukrenergosetproekt”.
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6. Conclusions 
The maximum compressive forces in the belts of intermediate supports of PS750-3 type turned out to be less on 
the average by a mean of 22.7% of the values, defined by project institute “Ukrenergosetproekt”. This indicates that
the supports 750 kV “Rivne NPP – Kyiv Substation 750 kV” are designed with a considerable margin of safety. The 
engineering method of calculation of overhead line supports to the action of the wind impact provides a sufficiently
high accuracy of the obtained results (about 95%), which is quite acceptable for engineering calculations. However, 
this method doesn’t allow to track the spatial work of the structure, since the support trunk is considered as a
console with a stepwise change of the moment of inertia. Refined values of wind load to the structure of 
intermediate supports 750 kV turned out to be less than the values, shown in calculation sheet of supports under 
consideration. That is why it is necessary to improve the methods of wind loads collecting methods with further 
design of optimal structures of lattice-poles of PS750-3i type with stand height 5 m, 10 m and without it.
References
[1] Gorokhov, Ye.V. (Ed.), Kazakevich, M.I., Turbin, S.V., Nazim, Ya.V. Wind and ice loading on overhead power transmission lines (2005) 
Donetsk, 348 p.
[2] Rokotjan, S.S., and Reut, M.A. (Ed.). Power transmission lines designing manual (1980) Moscow: Energiya, 296 p. 
[3] Kriukov, K.P.; Novgorodtsev, B.P. Design and mechanical calculation of electric power lines: Second Edition (1979) Leningrad: Energiya, 
312 p.
[4] Sokolov, A.G. Support of power transmission lines (calculation and construction) (1961) Moscow: Gosstroyizdat, 171 p.
[5] Shevchenko, Ye.V. Development of metal structures of overhead transmission line supports: Second Edition (1999) Makiyivka: 
DonNACEA, 169 p.
[6] Mishell, A. G. The limits of economy of materials in frame structures (2010) Phil. Magazine, 8(47), p. 589-595.
[7] CAN/CSA-S16-01 Limit States Design of Steel Structures (2009) Includes Update 1 (2010), Mississauga, Ontario: Canadian Standards 
Association, 198 p.
[8] Ziemian R.D. (Ed.) Guide to Stability Design Criteria for Metal Structures: Sixth Edition (2010) Hoboken, New Jersey: John Wiley & Sons, 
Inc., 1117 p.
[9] IEC/TS 61774 Overhead lines ̢Meteorological data for assessing climatic loads: Technical report 2 (2000) Geneva, Switzerland, 91 p. 
[10] IEC 60826: Design criteria of overhead transmission lines: Third Edition (2003) Geneva, Switzerland, 241 p.
[11] Probabilistic design of overhead transmission lines: Companion document to “Improved design criteria of overhead transmission lines based 
on reliability concepts” (2000) CIGRE Brochure 109, SC 22, WG 06, 124 p.
[12] Makoto, 22SWLPL]DWLRQRI)LQLWH'LPHQVLRQDO6WUXFWXUHV-DSDQ&5&3UHVV7D\ORU	)UDQFLV*URXSɪ
[13] Li, H., Bai, H. High-voltage transmission tower-line system subjected to disaster loads (2006) Progress in Natural Science, 16(9), p. 899-911.
[14] Rules for HOHFWULFDO LQVWDOODWLRQ&KDSWHU 7KH RYHUKHDG SRZHU WUDQVPLVVLRQ OLQHV YROWDJHV DERYH  N9 WRN9 Ʉ\LY2(3
*5ȱ)5(S
[15] Manual for steel design of power transmission lines support and switchyards of electrical substations with voltage over 1 kV (for 
SNiP II-23-81*) (1989) Moscow: Central Institute of standardized design, 72 p.
[16] DBN B.1.2-2:2006 Loads and actions. Design standards (2006) Kyiv: Minbud Ukraine, 78 p.
[17] SOU-N EE 20.579:2009 Climatic data for calculation of loading on overhead power transmission lines. Processing procedure (2008) Kyiv: 
2(3*5ȱ)5(S
[18] Gorokhov, Ye.V. (Ed.), Muschanov, V.P., Yugov, A.M., etc. Computation algorithm of steel works (1989) Moscow: Stroyizdat, 368 p.
[19] Sokolov, V.A., Sinyakov, L.N., Strakhov, D.A. The calculations of tower structures to the tower structures to the dynamic impacts taking 
into account the compliance of the pile foundation and the ground base (2013) Civil Engineering Journal, 4, pp. 46-50.
[20] Gaile, L. Analysis of dynamic parameters of observation towers in Latvia (2013) Vide. Tehnologija. Resursi - Environment, Technology, 
Resources, 2, pp. 57-62.
[21] Gaile, L., Radinsh, I. Dynamic response of tower structures (2011) Vide. Tehnologija. Resursi – Environment, Technology, Resources, 2, 
pp. 85-91.
[22] Krivoy, S.A., Bolshakov, N.S., Rakova, X.M. Increasing the Wind Turbine Power Using Aerodynamics Shape of the Building (2015) 
Applied Mechanics and Materials, 725-726, pp. 1456-1462. 
